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Abstract compare the extraction of iorfeom the target plasma
to the operation of an ion diode under the conditions of

High current electron beams have been user-@y space-charge limited (SCLYlow. The accelerating
drivers for x-ray radiography.Typically, several potential is that of the beam with respect to the
thousand amperes of electron beam current at 20 Mgjyoundedmetallic target, which has the well-known
is focused to a millimeter spot size on »ray form
converter. Within a single pulse, the heating of the O r 0
target by the electron beam will lead to rapid¢o=30|E1+2|nfE (1)

desorption of surface contaminants. The spaharge . . . . .
b P g where |, is the beampipe radius, is the beam radius,

potential of the electron beam will pull ions outtbfs )
and | is the beam current. For tle&'A-Il accelerator

plasma layer upstream into the beanThese i . ; A
backstreaming ions can act as a focusing lens whi¥fth @ millimeter spot radius, 3 cm beampipadius,
d 2 kA of beam current, this potential is 468 KkV.

cause the beam to be overfocused at a waist upstre&’ﬁ. . : T
The final beam spot size on the targeuld then be Assuming that the extracted ion current satisfies the

larger than intended, and the x-ray radiograph hild .Lg\./v for SCL conditions, anq neglecting the
resolution is reduced. We have designed a self-biase@@!l initial thermal energy of the ions compared to
ion trap for the Experimental Test Accelerator (ETA-IIh® beam potential, the neutralization fraction f of ion
beam by using an Advanced Test AcceleragarA) SPace charge to beam space charge is given by

inductive cell to prevent the backstreaming idmem r2§+2|nfﬂm
moving upstream and forming a long ion focusing | _ b rbE 5
channel. We have studied the effects of this type of ion =~ 9 )

trap on the final focusing of the electron beam with th\?/here d
ETA-Il beam parameters. Simulation results will b%oisson’ﬁs
presented.

is the effective diode gap. Consideration of

equation in the vicinity of the targgtows
the potential has the approximate form [1]

1 INTRODUCTION AND MOTIVATION o =02 = g1 3)

The use of electron beams in high-resolutioray Where the scale length d is approximately team
radiography requires that a high-current beam b‘aam?ter' Chf)osm'geg~ 3d as the totahccelgrat}on
focused on a millimeter-sized spfar the duration of 9ap in the ion-diode model gives meutralization
the beam pulse. The energy deposited insraall factor of 2.5%, corresponding to a number densrgy of
volume of target material is enough to generate a0’ M? Thus, a 25 cm channel of hydrogen ions
plasma of heavy target material, along with any lightdgduires a mere2.5x10* atoms, easily supplied by
species that contaminated the target surface, such Siéface contaminants. AtETA-Il parameters the
hydrogen or carbon. Once these light ions resent, asymptotic velocity for protons is ~9.5¥1@/s, sothat
they are rapidlyacceleratedupstream in the strong this channel carform in about 25 ns, about the mid-
axial electric field produced by the beam at th&0intof a pulse.

metallic surface of the target, in a proceealled ] )
“backstreaming.” The presence of this excessitive The effect of such an ion channel on the beam radius

charge in the beam upsets the balance elgfctric €an bg estimated by a simplifigdrm of the envelope

repulsive forces and magnetic pinching forces whicRgquation:

determine the radius of the beam. The radibdctric ﬂ_e_erEDl _¢H (4)

force is reduced, causing the magnetic forcepitech d?2 R RBy_Z E

the beam to a premature focus and then expaat

past the desired spot size at the target. Taduces

the achievableresolution of the radiographiemage t,cor, f is the neutralization fraction, and thenstant

and is an undesirable effect. _ ~ kisy? times the generalized perveance of the beam. A
Only a small quantity of positive charge is required,mparison of beam envelope with and without the ion

to have an impact on the target spot size. We C@Rannel is shown in figure 1. This behavior is aien

where R=R(z) isthe radius of the beang, is the un-
normalized beam emittance, is the usuakelativistic



in self-consistent PIC simulations which capture othe
effects such aemittance growth [2], and hasbeen
seen experimentally based on recent ditan the
ETA-Il accelerator [3].
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There are difficulties associatedith such a design.
4 s s The potential provided by the cell must be of g@me
order as the beam potential, and the gap size must be
Figure 1. Beam envelope in the presence of no ionskept as small as possible to minimize ichannel
ions with a SCL profile, and ions with the inductive length. Such gradients could cause #lectric fields
trap profile. in the gap to exceed thdédreakdown voltage. In
addition, expansion of the plasma of targeaterial
2 APPLICATION OF AN INDUCTIVE could cause conducting plasma to fill the gapusing
ION TRAP a short. The present design has a gap size of 3 cm and
- . a maximum desired voltage of 450 kV, producing
To preserve the minimum spot size of theam L : .
o . . electric fields of magnitudel50 kV/cm. By placing
throughout the pulse, it is desirable to eitlpevent . . . . )
ion emission altogether, or at least confine the ions Polgh—gradlent insulator in the portions of the_gapay
- rom the beam, these parameters shoulchbkievable
a sufficiently small channel such that the net effect org]
the beam is small. It is not feasible to bias theget '
with an external _D(? voltage d_ue_ to the_ magnitude of 3 NUMERICAL RESULTS
the beam potential; however, it is possible to use the
beam current as a “self-biasing” source. Qnethod During the flattop of the current pulse, timductive
involves using an induction cell where thecelerating Vvoltage across the gap should remaipproximately
gap (or“decelerating gap”, inthis case) isformed constant, allowing it be modeled as a simple DC
between the target material and an annélactrode voltage. PIC simulations have beemin on space-
placed slightly upstream in the beampipe. Sucted charge limitedproton emissiorfrom thetarget in a 2
has been designefbr ETA-Il, based on an induction KA, 1mm spot radiusETA-Il beam, with the ion trap
cell used in the Advanced Test Accelerator (ATA) operating at 40&V. Note this value is less than the
A schematic of the cell is shown in figure 2. “bare” beam potential because of thameliorating
effect of the ion space charge which builds ugdramt
During a beam pulse, the large inductance of thef the target.
core will prevent the return current of the bedrom
traveling the preferred DC path A+B, forcingiitstead  The simulation is runfor 20 ns, allowing enough
through the shunt resistor in path A+C and causing tHigne for the ions to complete &ill round-trip in the
voltage | ..R to appear across the gap. Thisential potential well. To reduce computation time, the
drop serves a dual purpose. Firstfpr a Sufﬁcienﬂy electron beam particles are fixed in time, so that the
high value of R, the sum of the cell potential and theéffect of the ions on the beam is not simulated. The
beam potentia| willform a well, trapping ions in a geometry along with the distribution of ions at 5ns and
channel of |ength therder of the gap Sizéeconcﬂy, 20ns is shown in figure 3; note almost all of the ions
as charge builds up in the channel, the e&ctric have collected within the gap region, with onlsmall
field at the surface of the target will decrease angiream managing to escape ttrep. Figure 4 shows
lower the rate of subsequent ijon emission. the axial positions of all 50,000 particles in the
simulation at 20ns; 94% of the particles drapped
within about 2.5 cm of the target.
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achievable resolution of radiographic images. Wave

53.180E—02
] examined the use of an inductive ion trap canfine
L ] the length of the backstreaming ion channel. PIC

2 ] simulations show that an ion trap based on an ATA
5 ] induction cell will confine 94% of emittegbrotons in
|o. 00oE+00] the ETA-Il accelerator. However, the resultimgnsity
f (OOQERNOE e gﬂ(ﬂr;f)“ 19 ofjons in the confinement region is much highiean

the unconfined value. Preliminary envelope

|2. 180E-02 . ) . ! i

] calculations show that this density profile confines the
; ] beam envelope to oscillations below the nomipahm

1. 590E-02 |

radius. However, further PIC simulations whigfclude

the electron beam self-consistently must be performed
to confirm this behavior. In addition, the radiographic
. 000400 5. 000E-02 nion quality of such an oscillating beam may not be

5 Z(m) acceptable.
Figure 3. Inductive trap simulation geometry, showing

ion distribution at 5ns (top) and 20ns (bottom) after 10.0
onset of emission.
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